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Abstract 
Mesoporous silica with cubic structure (MCM-48) was synthesized using Ludox 
HS40 as silica source and cetyltrimethylammonium bromide (CTAB) as a template. 
MCM-48 was used to adsorb the antibiotic of tetracycline hydrochloride. An X-ray 
diffractometer observed the x-ray diffraction pattern of MCM-48 and functional 
groups observed by a Fourier Transformed Infrared (FTIR) spectrometer. Parameters 
used to study adsorption were contact time and concentration. The pseudo-second-
order was the kinetic order that fitted well with the adsorption of tetracycline HCl. 
The adsorption of tetracycline HCl on MCM-48 followed the Freundlich isotherm 
with the adsorption capacity of 0.98 mg/g.  
Keywords: MCM-48, antibiotic, tetracycline HCl, adsorption capacity  
INTRODUCTION 
Antibiotics are widely used in humans and 
animals to cure infections, maintain health and increase 
animal growth rates (Sapkota et al., 2008, Zhang et al., 
2009, Aminov, 2017, Barton, 2000). This function has 
led to antibiotics receiving particular attention. Also, a 
specific concern is antibiotic residues in the 
environment that have continued to develop in recent 
years (Yang and Carlson, 2017). Antibiotic residues 
that continuously enter to the environment can cause 
antibiotic resistance (Yang and Carlson, 2017; 
Mispagel and Gray, 2005; Fair and Tor, 2014). In 2014 
and 2016, several antibiotics were found that were 
resistant to tuberculosis and malaria (WHO, 2020). 
Besides, tetracycline antibiotic resistance was also 
found in E. Coli (Karami et al., 2006). 
Tetracycline HCl (TCH) is an antibiotic that has a 
planar structure with four aromatic rings and several 
functional groups. These functional groupsare the 
tricarbonylamide group, dimethylamino group, and a 
diketone phenolic group (Gao et al., 2012; Ghadim et 
al., 2013; Mohammed and Kareem, 2019). TCH 
antibiotics are included in oral antibiotics obtained 
from Streptomyces aureofaciens (Aminof, 2017; 
Macsai and Mojico, 2013). The presence of 
tetracyclines in the aquatic environment was 0.11 µg 
L-1 (Boxall, 2004). The, tetracyclines was also found 
in drainage in Japan (Shimizu et al., 2013). 
The presence of antibiotic residues itself occurs 
due to the low metabolism of antibiotics in the 
digestive system of humans and animals; about 30% to 
90% of the antibiotics consumed are excreted through 
the urine and feces as unchanged metabolites or 
compounds (Kim et al., 2011, Santos et al., 2013, 
Wang et al. 2019). Therefore, it is essential to develop 
effective techniques to remove TCH from 
contaminated waste before discharge to the aquatic 
environment. Many researchers have tried various 
methods. These techniquesare photodegradation 
(Khanmohammadi et al., 2020), fenton catalyst for 
degradation (K), electrocoagulation (Quaissa et al., 
2014), electrochemical oxidation (Miyata et al., 2011)) 
and adsorption (Felix et al., 2019, Rizzi et al., 2019, 
Wang et al, 2020) have been done to solve this 
problem.Among these techniques, adsorption is 
considered an effective, cheap, and easy method for 
removing contaminants (Dehghan et al., 2019). 
Adsorption is an effective method to remove 
contaminants in water and waste (Gao et al., 2012; 
Mohammed and Kareem, 2019). Recently, adsorption 
has been widely applied in the removal of antibiotics 
because it is considered superior to other techniques in 
terms of flexibility, simplicity of design, cost, and ease 
of operation (Ghadim et al., 2013, Hao et al., 2012, 
Marzbali et al., 2016, Nairi et al., 2017., Junyu et al., 
2019). One type of adsorbent widely used is 
mesoporous silica, graphene oxide, glycerol, activated 
carbon, carbon nanotubes, and chitosan (Ghadim et al., 
2013, Zhang et al., Torrellas et al., Wang et al., 2019). 
The mesoporous silica of the M4IS group reported 
in 1992 was named MCM-X (Mobil Cristalline of 
Materials) (Kresge et al., 1992). Mesoporous silica is a 
material that has a high surface area and high pore 
volume. Also, it has regular pores with a narrow pore 
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size distribution and has high biocompatibility. 
Mesoporous silica has a pore size of 2-30 nm with a 
cubic-3D structure, and is one type of mesoporous 
silica is MCM-48 (Wang et al., 2006). In this study, the 
synthesis of MCM-48 using Cetyltrimethyl ammonium 
bromide (CTAB) as surfactants and Ludox HS40 as a 
silica source was conducted. The antibiotic 
characterization of MCM-48 is carried out using X-ray 
Diffraction (XRD) and Fourier Transform Infrared 
(FTIR). The effect of parameters on TCH adsorption, 
such as contact time and concentration, was 
investigated.Langmuirand Freundlich adsorption 
isothermal models, first-order and second-order 
pseudo kinetic models were also studied. 
METHODOLOGY 
Materials and Instrumentals 
The instrumentals were used are an oven (Spini 
SOSFD type), analytical balance (Ohauss), magnetic 
stirrer (Fisher Type 115), hotplate stirrer (Ikari        
Basic 1), vacuum pump (Type ME4C), UV-Vis 
spectrophotometer (Shimadzu-1800 Series). Prestige-
21 FT-IR spectrophotometer, X-ray diffractometer 
(Shimadzu Maxima-X). The materials were used in 
this study were high purity Merck and Sigma Aldrich. 
Cetytrimethylammonium Bromide (CTAB), Ludox 
HS40, Triton X-100, tetracycline (C22H24N2O8), acetic 
acid (CH3COOH), hydrochloric acid (HCl), sodium 
hydroxide (NaOH), ethanol (C2H5OH). 
Methods of the MCM-48 Synthesis  
Synthesis of MCM-48 was following Ryoo's 
(1999) procedure with modification of Taba (38). The 
surfactant was removed from the white product by 
washing using HCl-ethanol three times. 1 gram of 
MCM-48 was washed with 25 HCl mL 0.1 M in a 50% 
ethanol solution while stirring for 30 minutes at room 
temperature, then filtered. The washing procedure was 
conducted more than one step; the residue was washed 
with distilled water and dried at 100 oC. 
Characterization MCM-48 
The functional groups of the MCM-48 were 
analyzed using a Fourier Transform Infrared 
Spectrophotometer (FTIR). The transmission spectrum 
is measured in the range from 4000–250 cm − 1. XRD 
measured the X-ray diffraction pattern of MCM-48 
powder at a wide-angle (2θ range 15-65), the 
acceleration voltage and applied current were 40 kV 
and 30 mA, respectively. 
Adsorption of Tetracycline HCl 
The antibiotic TCH was used to evaluate the 
adsorption performance of antibiotics from water by 
MCM-48. The contact time was investigated by 
weighing 0.1 g of MCM-48 added in 50 mL of 30 ppm 
tetracycline solution with a time range of 3-30 minutes. 
For concentration, 0.1 g MCM-48 is added to 50 mL of 
the tetracycline solution with a concentration between 
10-50 ppm. The whole process is carried out under 
stirring conditions. The absorbance of tetracycline HCl 
was measured usingUV-Vis spectrophotometer 
(Shimadzu-1800 Series). The wavelength for this 
measurement is 276 nm. 
The adsorption capacity can be determined using 
the adsorption isotherm. The isothermal adsorption 
model used is the Langmuir and Freundlich model. In 
the Freundlich model, log qe is plotted against log ce 
and ce/qe against ce for the straightforward equation. 
Intercept the Langmuir equation, the k value and the 
Langmuir equation's slope can be obtained the qo value 
related to the adsorption capacity.  
RESULTS AND DISSCUSION 
Characterization using X-ray diffractogram (XRD) 
The previous research 2-theta angle below 100 to 
measure XRD. In this study, mesoporous silica (MCM-
48) without washing and after washing with ethanol-
HCl was characterized using an XRD device without 
facilities, for low 2-theta angles. The diffraction 
pattern of MCM-48 before washing and after washing 















Figure 1. X-ray diffraction pattern of MCM-48 before 
and after washing 
 
The X-ray diffraction pattern shows intense peaks 
at 2-theta angles between 20o to 24o and several low-
intensity peaks, identical to the study conducted, 
showed peaks for MCM-48 (Fei et al., 2014). Based on 
the results obtained, the material synthesized in this 
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Fourier Transform Infrared Spectrometer 
Figure 2 shows the MCM-48 spectra before and 
after washing. The infrared spectrum of MCM-48 
before washing, Figure 2a shows the symmetrical 
stretching vibration of Si-O-Si in the absorption band 
with a wavenumber of 795 cm-1. It is supported by the 
bending vibration of Si-O-Si in the 451 cm-1. The weak 
absorption band in 962 cm-1. Resulted by  stretching 
vibration of Si-O and Si-OH. The strong absorption 
bands in 1065cm-1 and 1229 cm-1 are the asymmetric 
stretching vibrations of Si-O-Si. The stretching C-H 
vibration is shown in the absorption bands 1481cm-1 
and 1472 cm-1. The surfactant spectrum's stretching 
vibrationat wavenumber 2853 cm-1 and 2922 cm-1, 
indicate symmetric and antisymmetric (-CH2), 
respectively. The broad peak at wavenumber 3441 cm-
1 shows the stretching vibration of –OH. This data is 
supported by the bending vibration of –OH at 1645 cm-
1. These peaks are the contribution of hydroxyl groups 
and water which are physically adsorbed by MCM-48. 
 
 
Figure 2. FTIR spectra of MCM-48 (a) before washing 
and (b) after washing three times with ethanol-HCl 
 
After washing with ethanol-HCl three times 
(Figure 2b), the stretching and bending vibrations of     
–CH are almost lost. The strong absorption bands at 
1086 cm-1 and 1232 cm-1. The weak ones at 798 cm-1 
and 966 cm-1. This pattern shows the Si-O stretching 
vibrations from the silicate lattice. After washing by 
HCl-ethanol solution for three times, the strong peaks 
at wavenumbers in 1065 cm-1and 1229 cm-1 shifted by 
21cm-1 and 3 cm-1 due to lattice contraction with 
surfactant loss. The result according to the previous 
studies (Chen et al., 1997, Taba et al. 2017, Taba et al., 
2018). 
 
The surface area Determination by the BET 
Method 
Figure 3 shows the adsorption and desorption of 
N2 gas on MCM-48 before washing and after washing 
three times. The adsorption isotherm after washing 
three times is a type d IV isotherm. The MCM-48 curve 
after washing has hysteresis, which indicates that 
capillary condensation occurs due to meso-sized 
particles.  The surface area of MCM-48 before and 
after washing there are 657 m2/g and 969 m2/g 
respectively. The result shows that the surfactant has 
been gone, so an inner surface forms after washing and 
increases the surface area. The pore distribution of 























Figure 4. Pore distribution of MCM-48 (a) before 
washing and (b) after washing for three times 
 
The pore radius according to the BET method for 
MCM-48 after washing is 1.52 nm and before washing 
is 2.17 nm. So, the pore radius before washing is bigger 
than after washing.  Mean pore radii for MCM-48 after 
washing (12.18 nm) and before washing (15.38 nm). 
Pore diameter (Å) 





Figure 3. Isothermal N2 adsorption after washing 
three times 
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These data indicate that it has mesoporous sized 
particles. The total pore volume for MCM-48 after 
washing is 0.352 cc/g while the total pore volume for 
MCM-48 before washing was 0.402 cc/g. 
 
Adsorption of TCH by MCM-48 
The optimum adsorption time of TCH by MCM-48 
The adsorption of TCH increases with the 
increasing adsorption time until it reaches 20 minutes, 
they adsorbed tends to decrease. This shows that the 
adsorption has reached equilibrium at 20 minutes. So 
the optimum adsorption time is 20 minutes. This time 




Figure 5 shows the amount of TCH adsorbed by the 




Study of TCH adsorption kinetics by MCM-48 
Adsorption kinetics can be studied using 
pseudo-first-order equations. The differential equation 
can be seen in Equation 1. 
 




t )  
 
where qe and qt are the amounts of tetracycline HCl 
adsorbed (mg/g) at equilibrium and at a particular time, 
t (minutes), k1 is pseudo-first-order rate constants 
(minute-1). The results of the interaction produce 
Equation 2. 
 
(2)                             t          
2,303
k





e log  
 
For the pseudo-first-order rate Equation 2 can be 
written into Equation 3. 




t   
 
The rate constant (k1), the adsorption capacity in 
equilibrium (qe), the correlation coefficient (R12) are 
obtained from the log (qe-qt) versus t curve. 
The kinetic data can also be processed using 
pseudo-second-order kinetics models. The differential 
equation is given by Equation 4. 
 




t 2)  
 
where k2 is the pseudo-first-order rate constant 
(g/mg.min). Integration of equation (4) will result 
Equation 5. 
 










Equation 5 can be written in linear form as equation (6) 
below. 
 














If pseudo-second-order kinetics are fitted, a plot of t/ 
qt, versus t will yield a straight line. 
The adsorption kinetics curve for pseudo-first-
order and pseudo-second-order can be seen in Figure 
6.The R2 value obtained using the pseudo-first-order 
kinetics model for TCH adsorption by MCM-48 after 
washing three times the R2 value obtained is 0.9839. 
The R2 value for the pseudo-second-order kinetics 
model is 0.999. The qe value obtained from the pseudo-
first-order kinetics model is 0.98 mg/g and from the 
pseudo-second-order kinetics model is 4.27 mg/g. 
The qe value obtained from the experiment is 4.21 
mg/g. Although the R2 obtained from the two models 
is close to one another, the qe from the pseudo-second 
order kinetics model is close to the qe obtained from the 
experiment. The qe obtained from the pseudo-first-
order kinetics model is smaller than the experiments. 
This number showsthe adsorption of TCH by MCM-
48 after washing three times followed a pseudo-
second-order kinetics model with a constant k2 value 
of 0.36 g.mg-1.minutes-1. Debnath et al (2020) also 
obtained pseudo-second-order kinetics for tetracycline 
adsorption on zirconia nanoparticles. Similar results 
were reported by several researchers using other 
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Figure 6. (a) Pseudo-first-order and (b) Pseudo-
second-order kinetics models for the adsorption of 
TCH by MCM-48 
TCH Capacity by Mesoporous Silica (MCM-48) 
Figure 7 shows the amount of TCH adsorbed as a 
function of the initial TCH concentration. The amount 
adsorbed increases with increasing initial 
concentration and so does not shown the fixed amount 
yet at the highest concentration limit used. 
 
 
Figure 7. The amount of TCH adsorbed as a function 
of the initial concentration of the TCH solution 
 
The determining adsorption capacity, the 
Langmuir and Freundlich isotherms are used. Figure 8 
shows the Langmuir and Freundlich isotherms for the 
adsorption of tetracycline HCl by MCM-48 after 
washing three times. Based on the least-squares line 
(R2) value, the adsorption of tetracycline HCl by 
MCM-48 after washing three times is more consistent 
with Freundlich's isotherm (R2 = 0.9475). Based on the 
Freundlich isotherm, the adsorption capacity obtained 
is 0.98 mg/g, and 1/n is 0.52. Several researchers also 
reported Freudlich's isotherm is more suitable for 
tetracycline adsorption using different adsorbents (Li, 
2018, Kong et al., 2020. Prarat, 2020). Generally, the 
value of 1/n is between 0 and 1, and this value indicates 
the effect of concentration on the adsorption capacity. 
The smaller the 1/n number, the better the adsorption 
performance: generally, for 1/n between 0.1 and 0.5, 
the substance is easily adsorbed; for 1/n> 2, the 
compound is difficult to adsorb. The number of 1/n 
obtained in this study is 0.52, which indicates that the 
adsorption of tetracycline HCl by MCM-48 is 





Figure 8. Isotherms (a) Langmuir and (b) Freundlich 
of TCH adsorption by MCM-48 after washing three 
times 
 
The amount of tetracyclines adsorbed by MCM-
48 after washing three times is lower than other 
researcher’s results (Li, 2018, Kong et al., 2020. Prarat, 
2020). This result cause by the surface of the MCM-48 
is more polar than the adsorbent used by other 
researchers. So, the surface of MCM-48 needs to be 
modified to be more effective in adsorbing TCH. 
The absorption peak after adsorption TCH is 
relatively the same as the absorption peak before 
adsorption. This pattern shows that the TCH adsorption 
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The adsorption of TCH by MCM-48 reached 
equilibrium at 20 minutes. The adsorption process 
fitted in pseudo-second-order kinetics with a rate 
constant of 0.36 g.mg-1.minute-1. The antibiotic's 
adsorption fulfils the Freundlich isotherm better than 
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